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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a device for estimating 
a service life of a storage battery with high precision. 
SOLUTION: The device comprises a temperature sensor 3 for 
detecting the temperature of the storage battery 2, a current 
sensor 4 for detecting the input/output currents of the storage 
battery 2, and a computation controller 5 having a power 
storage amount detecting means for detecting the amount of 
power stored in the storage battery 2 from an integrated value 
of the currents detected by the current sensor 4. The 
computation controller 5 has a degradation speed calculating 
means for calculating the degradation speed of the storage 
battery 2 from an average temperature and an average current 
value of the battery 2 and the amount of the power stored in 
the battery 2, and a life calculating means for calculating the 
service life of the battery 2 by dividing a preset degradation 
characteristic value by the degradation speed. 
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* NOTICES * 

JPO and NCIPI are not responsible £or any 
damages caused by tbe use of tbxs translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The thermometric element which detects the temperature of a battery, and the current detector 
which detects the I/O current of a battery. It has the operation controller which has an amount detection 
means of accumulation of electricity to detect the amount of accumulation of electricity of a battery from the 
addition value of the current detected with the current detector. Said operation controller Life prediction 
equipment of the battery characterized by having a degradation rate c^culation means to compute the 
degradation rate of a battery from the range of fluctuation of the mean temperature of a battery, an average 
current value, and the amoimt of accumulation of electricity, and a life calculation means to compute the 
amount of permission degradation of a battery, and to compute a lifetime by doing flie division of this 
amo\mt of permission degradation at said degradation rate. 

[Claim 2] The thermometric element which detects the temperature of a battery, and the current detector 
which detects the I/O current of a battery, It has the operation controller which has an amoxmt detection 
means of accumulation of electricity to detect the amount of accumulation of electricity of a battery from the 
addition value of the current detected with the current detector. Said operation controller The control unit of 
the battery characterized by operating the degradation rate fall control means to which the degradation rate 
of a battery will be reduced if it has a degradation rate calculation means to compute the degradation rate of 
a battery and a degradation rate consists of the range of fluctuation of the mean temperature of a battery, an 
average current value, and the amount of accumulation of electricity beyond a predetermined value. 
[Claim 3] Said degradation rate fall control means is the control xmit of the battery according to claim 2 
characterized by having the cooling control means which operates the cooling system which will be formed 
in a battery if said degradation rate becomes beyond a predetermined value. 

[Claim 4] Said degradation rate fall control means is the control unit of the battery according to claim 2 or 3 
characterized by having a current-limiting means to restrict the I/O current to a battery if a degradation rate 
becomes beyond a predetermined value. 

[Claim 5] Said degradation rate fall control means is the control imit of a battery given in either of claim 2 to 
claims 4 characterized by having the charge-and-discharge range limit means which will make small the 
upper limit of the amount of accumulation of electricity of a battery if a degradation rate becomes beyond a 
predetermined value. 

[Claim 6] Said degradation rate fall control means is the control xmit of a battery given in either of claim 2 to 
claims 5 characterized by having the charge-and-discharge range limit means which will enlarge the lower 
limit of the amount of accximulation of electricity of a battery if a degradation rate becomes beyond a 
predetermined value. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the life prediction equipment of the battery which predicts 
the life of the battery changed according to a busy condition, and the control unit of the battery which 
controls a busy condition to prolong the life of a battery. 
[0002] 

[Description of the Prior Art] The battery (dc-battery) is used in varioxis fields and environments, such as an 
object for the starters of an automobile, an uninterruptible power supply, or a solar energy power generation 
system, and has played the big role as each power. Therefore, it is very important in each field to get to 
know the life of a battery. 

[0003] For example, in JP,2000-228227,A, what computes the cell capacity in predetermined time is 
indicated by integrating the degradation rate of cell capacity fi-om the relational expression of the amount of 
acciamulation of electricity of a battery (SOCrstate of charge), and temperature, and subtracting this firom an 
early cell capacity. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the life of a battery may fiilly be unable to be 
predicted only by taking the charge condition and temperature of a battery into consideration depending on 
the field for which a battery is used. For example, in the hybrid car which makes a battery a driving source, 
it is requested that the life of a battery is predicted in a hi^ precision, and there was a problem that a 
request could not fiiUy be filled in the Prior art mentioned above. Moreover, when the life of a battery has 
been predicted, it was requested that a battery was controlled to prolong the life. 

[0005] This invention was made in view of such a situation, and aims also in the field currently demanded to 
let it offer the life prediction equipment of the battery which can predict the life of a battery in a high 
precision to predict the life of a battery in a high precision like a hybrid car. Moreover, this invention aims at 
offering the control unit of the battery which can develop the life of a battery. 
[0006] 

[Means for Solving the Problem] The thermometric element with which invention indicated to claim 1 
detects the temperature of a battery (for example, battery 2 in the gestalt of operation mentioned later) (for 
example, thermo sensor 3 in the gestalt of operation mentioned later), The current detector which detects the 
I/O current of a battery (for example, current sensor 4 in the gestalt of operation mentioned later), The 
operation controller which has an amount detection means of accumulation of electricity to detect the 
amount of accumulation of electricity of a battery fi-om the addition value of the current detected with the 
current detector It has (for example, the operation controller 5 in the gestalt of operation mentioned later). 
Said operation controller A degradation rate calculation means to compute the degradation rate of a battery 
from the mean temperature, the average cxirrent value, and the amount of accumulation of electricity of a 
battery, It is life prediction equipment (for example, life prediction equipment 1 of the battery in the gestalt 
of operation mentioned later) of the battery characterized by having a life calculation means to compute the 
amount of permission degradation of a battery, and to compute a lifetime by doing the division of this 
amount of permission degradation at said degradation rate. 

[0007] This invention is made by the knowledge of this invention person that the degradation rate of a 
battery is greatly dependent on the temperature of a battery, the I/O current of a battery, and the amount of 
accumulation of electricity of a battery. Since the degradation rate of a battery is computed with said 
degradation rate calculation means based on the temperature of the battery detected with said thermometric 
element, the I/O current of the battery detected with said current detector, and the range of fluctuation of the 
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amount of accumulation of electricity of the battery detected with the amount detection means of 
accumulation of electricity of said operation controller according to this invention, the degradation rate of 
the battery changed according to a service condition can be found. In addition, the amount of permission 
degradation of a battery can be computed with said life calculation means, and the lifetime of the battery 
changed according to a service condition by doing the division of this amount of permission degradation at 
the degradation rate of a battery can be predicted in a high precision. 

[0008] The thermometric element with which invention indicated to claim 2 detects the temperature of a 
battery, The current detector which detects the I/O current of a battery, and the operation controller which 
has an amount detection means of accumulation of electricity to detect the amoxmt of accvimulation of 
electricity of a battery from the addition value of the current detected with the current detector It has. (For 
example, operation controller 21 in the gestalt of operation mentioned later) Said operation controller It has 
a degradation rate calculation means to compute the degradation rate of a battery from the mean 
temperature, the average current value, and the amount of accvimulation of electricity of a battery. When a 
degradation rate becomes beyond a predetermined value, it is the control unit (for example, control unit 20 
of the battery in the gestalt of operation mentioned later) of the battery characterized by operating the 
degradation rate fall control means (for example, operation controller 21 in the gestalt of operation 
mentioned later) to which the degradation rate of a battery is reduced. 

[0009] According to this invention, the degradation rate of the battery changed according to a service 
condition can be found like the case of invention of claim 1 . In addition, since the degradation rate of a 
battery is reduced by operating said degradation rate fall control means when a degradation rate is beyond a 
predetermined value, rapid degradation of a battery can be prevented and the life of a battery can be secured 
more than fixed. 

[0010] Invention indicated to claim 3 is a thing according to claim 2, and said degradation rate fall control 
means is the control unit of the battery characterized by having the cooling control means which operates 
the cooling system (for example, fan 22 for cooling in the gestalt of operation mentioned later) formed in a 
battery, when a degradation rate becomes beyond a predetermined value. 

[001 1] The degradation rate of a battery can be reduced maintaining the I/O current of the planned battery 
according to this invention. For this reason, the life of a battery can be secured beyond fixed time amount, 
without restricting actuation of a battery. 

[0012] Invention indicated to claim 4 is a thing according to claim 2 or 3, and when a degradation rate 
becomes beyond a predetermined value, it is the control unit of the battery characterized by having a 
current-limiting means (for example, input / output controller 23 in the gestalt of operation mentioned later) 
to restrict the I/O current of a battery. 

[001 3] According to this invention, a degradation rate can be reduced more in a short time, and the life of a 
battery can be secured beyond fixed time amount more certainly. 

[0014] Invention indicated to claim 5 is the control xmit of the battery characterized by having the charge- 
and-discharge range limit means which is a thing given in either of claim 2 to claims 4, and will make small 
the upper limit of the amount of accumulation of electricity of a battery if a degradation rate becomes 
beyond a predetermined value. According to this invention, a degradation rate can be reduced further in a 
short time, and the life of a battery can be secured still more certainly. 

[0015] Invention indicated to claim 6 is a thing given in either of claim 2 to claims 5, and said degradation 
rate fall control means is the control unit of the battery characterized by having the charge-and-discharge 
range limit means which enlarges the lower limit of the amount of accumulation of electricity of a battery, 
when a degradation rate becomes beyond a predetermined value. According to this invention, a degradation 
rate can be reduced finther in a short time, and the life of a battery can be secured beyond fixed time amount 
still more certainly. 

[0016] [Embodiment of the Invention] Hereafter, the life prediction equipment of the battery in the 
operation gestalt of this invention and the control unit of a battery are explained with a drawing. In the 
gestalt of this operation, when predicting the life of the battery carried in the hybrid car, the case where the 
life of this battery is controlled is explained as an example. 

[0017] Drawing 1 is the block diagram showing the life prediction equipment 1 (only henceforth "life 
prediction equipment 1 ") of the battery in the gestalt of operation of the 1 st of this invention. As shown in 
this drawing, said life prediction equipment 1 is equipped with the operation controller (ECU) 5 which has 
an amount detection means of accumulation of electricity to detect the thermo sensor 3 for detecting the 
temperature of a battery 2, the current sensor 4 for detecting the I/O current of this battery 2, and the amount 
of accumulation of electricity of this battery 2. 
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[001 8] Said current sensor 4 is formed on the connection path of said battery 2 and motor (motor generator) 
6, and enables it to detect the current at the time of the charge and discharge of said battery 2. And said 
operation controller 5 is connected to said thermo sensor 3 and said current sensor 4, and the temperature 
and the current of a battery 2 which were detected by these sensors 3 and 4 are inputted into said operation 
controllers. 

[0019] Moreover, the amount detection means of accumulation of electricity (not shown) is formed in the 
interior, and said operation controller 5 enables it to detect the amount of accumulation of electricity of a 
battery 2 from the addition value of the current detected by said current sensor 4. It connects with ignition 7 
and said operation controller 5 performs data processing mentioned later in response to the signal from this 
ignition 7. And it connects with the life estimation drop 8, and the operation controller 5 enables it to display 
the life calculated with the operation controller 5 with this life estimation drop 8. 

[0020] Said battery 2 supplies drive power to this motor, when said motor 6 fimctions as a motor. On the 
other hand, when said motor 6 ftinctions as a generator 6, regeneration power is supplied from this 
generator. Thus, as for a battery 2, a busy condition is changed variously. 

[0021] The relational expression between these was drawn based on the knowledge that the degradation rate 

of a battery 2 is large to temperature T, an I/O current (current load), and the range of fluctuation (charge- 

and-discharge range expressed with charge depth or depth of discharge) of the amount of accumulation of 

electricity of a battery, and this invention person depends. The contents are shown below. 

[0022] These can be expressed with a degree type (1), if the degradation rate of a battery 2 is set to K and 

the variable of a service condition is set to X, 

Formula (l):K=f(X) 

It can be tended almost correctly with an exponential function to approximate this function f (X). 
[0023] Furthermore, as for an above-mentioned formula (1), if a degradation rate in case Variables X are XI 
and X2 is set to Kl and K2, the ratio Q (K2/K1) will tend to become almost equal even if the conditions of 
other variables Y change. 

[0024] For example, the ratio Q2 of a degradation rate when K=f (X) is the correlation type of temperature 
T, in case the rate Ql of a degradation velocity ratio and current value at the time of being a current value II 
are 12 shows the almost same value. Since there are few interactions between each service condition, this is 
materialized. 

[0025] this invention person checked that the degradation rate K could express by the following formula (2) 
based on the above knowledge. 

Formula (2): K=ft(T) xfi(I) x fs (S) Here, the term for which fl (T) depends on temperature T, the term for 
which fi (I) depends on a cxirrent value I, and fs (S) are the terms depending on the range of fluctuation S of 
the amount of accumulation of electricity. 

[0026] The lifetime L of the battery 2 which reaches this amoimt R of degradation is foxmd by doing the 
division of the amount R of permission degradation of the battery beforehand measured in an experiment at 
this degradation rate K. namely, formula (3):L = R/K - the lifetime L of a battery 2 can be easily presumed 
using these formulas (2) and a formula (3). In addition, about the amount R of permission degradation, a 
detail is mentioned later. 

[0027] Hereafter, the form of said formula (2) is computed more concretely, this invention person is 
Arrhenius' equation (4) in case the degradation rate K is dependent on temperature T. 
Formula (4):K=lambda e (-deltaE/(kT) - (- Eyring equation (5) with which lambda contained constant), 
and temperature T and other one stress factor S here) 

Formula (5): The following formulas (6) were drawn based on K=a ((kT) /h) and e(-deltaE/(kT)) -Salpha. 
Formula (6):K=a ((kT) /h) and e(-deltaE/(kT)) -S alpha-S'alpha* here, a current load and S' show the range 
of flucttiation of the amoimt of accximulation of electricity, and S is stress factors other than temperature. 
For h, a Planck's constant and k are [ activation energy and T of a Boltzmann's constant and deltaE ] 
absolute temperature. 

[0028] In order to ask for the multiplier of said formula (6), as shown below, it asks for the degradation rate 
K and the relation of each variable (a current load, the amount of accumulation of electricity, temperature) 
of every using drawing 3 - drawing 5 . In said formula (6), when the logarithm of both sides is taken paying 
attention to one of three variables (for example, current load), a formula (6) is as follows, 
formula (7): - lnK=A+alpha InS — A and alpha are constants here. These values are calculated from 
drawing 3 . 

[0029] Drawing 3 is a graph which shows the current load characteristic of a battery 2. The logarithm of the 
intemal resistance degradation rate K (%/hr) is taken along an axis of ordinate, and the logarithm of current 
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load S (C) is taken along an axis of abscissa. In this drawing, the conditions of temperature and the amount 
of accumulation of electricity suppose that it is fixed so that it may not be influenced of other variables. The 
coefficient A of this formula (7) and alpha are set to formula (8): A— 3.5 and alpha= 1 .00 fi-om drawing 3 . 
[0030] if similarly its attention is paid to the amount of accumulation of electricity in said formula (6) ~ 
formula (9):lnK=A - alpha'lnS* - A' and alpha* are constants here. These values are calculated fi-om 
drawing 4 . Drawing 4 is a graph which shows the amount property of accumulation of electricity of a 
battery 2. The logarithm of the internal resistance degradation rate K (%/hr) is taken along an axis of 
ordinate, and the logarithm of the range of fluctuation (%) of the amount of accumulation of electricity is 
taken along an axis of abscissa. In this drawing, temperature and the conditions of a current load suppose 
that it is fixed so that it may not be influenced of other variables, coefficient A [ of drawing 4 to this formula 
(9) ]', and alpha - ' - formula (10):A* - it is set to =-3.8 and alpha= 0.32. 

[0031] if similarly its attention is paid to temperature T in said formula (6) ~ formula (1 l):lnK=A"-deltaE/ 
(kT) =A"- alpha"/T - here ~ A" and alpha" - a constant - it is - among these, alpha" - it is =deltaE/k. 
These values are calculated from drawing 5 . Drawing 5 is a graph which shows the temperature 
characteristic of a battery 2. The logarithm of the internal resistance degradation rate K (%/hr) is taken along 
an axis of ordinate, and the logarithm of inverse number l/[ of absolute temperature ] T (K) is taken along 
an axis of abscissa. In this drawing, the conditions of the range of fluctuation of a current load and the 
amount of accumulation of electricity suppose that it is fixed so that it may not be influenced of other 
variables. Coefficient A [ of this formula ]" and alpha" are set to formula (12):A"=1 1 , alpha" =-4600 from 
drawing 5 . 

[0032] As mentioned above, the degradation rate (internal resistance degradation reaction rate) K of a 
battery is expressed with a degree type (13). 

Formula (13):K=dR/dt=55 T-e (-4600/T), SI, and S'0.32 if the value of range-of-fluctuation S' of 
temperature T, the current load S, and the amount of accumulation of electricity is assigned to this formula 
(13) as a service condition, the value of the degradation rate K can be calculated. Here, R is the amount of 
permission degradation of a battery 2, t is convention time amount, and the amount R of permission 
degradation is a value which shows the amount of degradation until the life of a battery comes and sufficient 
charge-and-discharge fiinction is no longer obtained, it is measured by the experiment under various service 
conditions, and is obtained. And the lifetime L of a battery 2 can be found by substituting the degradation 
rate K for a formula (2). 

[0033] For example, 490hr will be obtained, if a lifetime in case the amount R of permission degradation 
until a reaction rate K is set to 0.061 (%/hr) and a life comes from a formula (13) is 30% is computed from a 
formula (2) when the battery 2 is being used on the conditions of 20% of ranges of fluctuation of the 
temperature of 50 degrees C, current value 2C, and the amount of accumulation of electricity . Thus, from a 
service condition, the degradation rate K and Lifetime L are computable. Drawing 6 is data on which it 
experimented in the lifetime of a battery 2 for every service condition. In this drawing, the lifetime is 
measured by making into a life the case where the amount R of permission degradation is 30%. 
[0034] Drawing 2 is the flow chart of the life prediction equipment 1 shown in drawing 1 . If ignition 7 is 
turned ON as shown in step SIO of this drawing, the signal will be inputted into the operation controller 5, a 
timer (not shown) will operate, and measurement of convention time amount will be started. And the range 
of fluctuation of the temperature of the battery 2 which is the variable of the degradation rate K, a current 
load, and the amount of accumulation of electricity is sampled for every convention measuring time. It 
judges whether the time amount which samples as shown in step SI 2 reached the convention measuring 
time, when a judgment result is "YES", it progresses to step S14, and when a judgment result is "NO", it 
returns to step SIO and the above-mentioned processing is repeated. 

[0035] At step 814, the central value (operating environment condition central value, for example, the 
average) of each variables (temperature etc.) is computed for every convention time amoxmt. And at step 
SI 6, the degradation rate K is computed by substituting the central value of each of this variable for a 
formula (13). In the gestalt of this operation, this degradation rate K is displayed with said life estimation 
drop 8, and this shows the effect degree exerted on the current battery 2. 

[0036] In step SI 8, amount of addition degradation sigmaRi is computed by integrating the amount Ri of 
degradation which multiplied each degradation rate K computed for every convention time amount by 
convention time amoxmt. And as shown in step S20, the amount R of permission degradation which remains 
by subtracting this amount of addition degradation sigmaRi from the amount RO of permission degradation 
in early stages of a battery 2 is computed. For example, the amoimt R of permission degradation in which 
the early amount RO of permission degradation remains when the amount of addition degradation is 10 (%) 
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in 30 (%) is set to 20 (%). When this amount R of permission degradation is set to 0 (%), it will be in a 
condition with the inadequate function of a battery, and will become life arrival. 

[0037] And as shown in step S22, by doing the division of the computed degradation characteristic value 
with a reaction rate, a presumed lifetime is computed and processing is ended. Thus, it can write, the 
degradation rate K of tiie battery 2 changed according to a service condition can be found, and the lifetime L 
of the battery 2 changed according to a service condition can be predicted in a high precision. In addition, it 
can contribute to the analysis of a battery 2 by recording the hysteresis of a degradation rate. 
[0038] Hereafter, the control unit of a battery is explained. Drawing 7 is the block diagram showing the 
control device 20 (only henceforth "a control device 20") of the battery in the gestalt of operation of this 
invention. Here, the number same about the same component as said life prediction equipment 1 is attached, 
and the explanation is omitted suitably. 

[0039] Said control vmit 20 is equipped with the operation controller 21, and this operation controller 21 is 
equipped with the function which computes the degradation rate K and Lifetime L of a battery 2 by the 
formula (13) and the formula (2) like said operation controller 5. Moreover, it connects with the fan 22 for 
cooling prepared in the battery 2, and the input / output controller 23 connected to the motor 6, and said 
operation controller 21 makes controllable said fan 22 for cooling and input / output controller 23. 
[0040] Drawing 8 is the flow chart of the control device 20 shown in drawing 7 . In this drawing, since 
processing of steps S30-S36 is the same as processing of steps S10-S16 of drawing 2 , explanation is 
omitted. 

[0041] In step S38, the degradation rate K computed in step S36 judges whether it is more than a criteria 
degradation rate, when a judgment result is "YES", it progresses to step S40, and when a judgment result is 
"NO", a series of processings are once ended. 

[0042] When the above-mentioned judgment result is "YES", processing to which the degradation rate of a 
battery 2 is reduced as shown below is performed. That is, at step S40, control which said fan 22 for cooling 
is operated and cools a battery 2 is performed. As shown in drawing 6 R> 6, since the lifetime of a battery 2 
will fall if temperature becomes high, by performing cooling control mentioned above, it aims at the fall of 
the degradation rate K, and is aiming at the prolongation of life of a battery 2. Thereby, the life of a battery 2 
is secxirable, maintaining the actuation function of a battery 2. 

[0043] And as shown in step S42, the degradation rate K is computed again and this judges whether it is 
more than a criteria degradation rate, when a judgment result is "YES", it progresses to step S44, and when a 
judgment result is "NO", a series of processings are once ended. 

[0044] Processing which controls the amoimt of charges and discharges by step S44 by operating said 
input / output controller 23 is performed. As shown in drawing 6 , since the lifetime of a battery 2 will fall if 
a current load becomes large, by controlling the amount of charges and discharges mentioned above, it aims 
at the fall of the degradation rate K, and is aiming at the prolongation of life of a battery 2. Thereby, the life 
of a battery 2 can be secured beyond fixed time amount more certainly. 

[0045] And as shown in step S46, the degradation rate K is computed again and this judges whether it is 
more than a criteria degradation rate, when a judgment result is "YES", it progresses to step S48, and when a 
judgment result is "NO", a series of processings are once ended. 

[0046] In step S48, processing which controls the range of fluctuation of the amount of accumulation of 
electricity of said battery 2 is performed. As shown in drawing 6 , since the lifetime of a battery 2 will fall if 
the range of fluctuation of the amount of accumulation of electricity becomes large, by controlling so that 
the range of fluctuation mentioned above becomes small, it aims at the fall of the degradation rate K, and is 
aiming at the prolongation of life of a battery 2. Thereby, the life of a battery 2 can be secured beyond fixed 
time amount still more certainly. As a limit of the range of fluctuation of this amount of accumulation of 
electricity, you may restrict by making small the upper limit of the amoxmt of accumulation of electricity, 
and may restrict by enlarging the lower limit of the amount of accumulation of electricity, and both may be 
restricted. 

[0047] In addition, in the gestalt of operation, although the case where the life prediction and life control of 
a battery which are applied to a hybrid car were performed was explained, the applicability of this invention 
can be applied, when performing the life prediction and life control of a battery which are not restricted to 
this, for example, are used in various fields and environments, such as a solar energy power generation 
system. 
[0048] 

[Effect of the Invention] As explained above, according to invention indicated to claim 1, the degradation 
rate of the battery changed according to a service condition can be found, and the lifetime of a battery can be 
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predicted in a high precision based on this degradation rate. 

[0049] According to invention indicated to claim 2, the degradation rate of the battery changed according to 
a service condition can be found. In addition, since rapid degradation of a battery can be prevented and the 
degradation rate of a battery is reduced by operating said degradation rate fall control means when a 
degradation rate is beyond a predetermined value, the life of a battery is securable beyond fixed time 
amount. 

[0050] The Ufe of a battery can be secured beyond fixed time amoimt, without restricting actuation of a 
battery, maintaining the I/O current of the planned battery according to invention indicated to claim 3, since 
the degradation rate of a battery can be reduced. According to invention indicated to claim 4, a degradation 
rate can be reduced more in a short time, and the life of a battery can be secured more certainly. 
[0051] According to invention indicated to claim 5, a degradation rate can be reduced further in a short time, 
and the life of a battery can be sec\ared beyond fixed time amount still more certainly. According to 
invention indicated to claim 6, a degradation rate can be reduced fiirther in a short time, and the Ufe of a 
battery can be secured beyond fixed time amoimt still more certainly. 
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